INTRODUCTION
Between 2000 and 2010, use of opioids for non-malignant pain rose by 73% in the USA. 1 During a comparable period, there was a tripling of age-adjusted rates of deaths that involved prescription-type natural or semisynthetic opioids with or without heroin. While most overdose deaths involve more than one substance, and death rate data do not document whether the opioid identified was associated with an actual prescription, 2 it is likely that widespread increases in opioid prescribing since the turn of the century contributed to the increase in opioid related deaths. 3 Increased recognition of this epidemic of opioid misuse and overdose, combined with awareness of the limited evidence of long-term benefit of opioids for chronic pain, 4 led to efforts to reduce harms associated with opioid prescribing. Changes in opioid prescribing policies have taken many forms, including guidelines on risk assessment, opioid dosing, and monitoring; patient agreements; and use of statewide electronic prescription drug monitoring programs (PDMPs). [5] [6] [7] Yet despite reductions in dispensed opioid prescriptions and evidence of reduced diversion of opioids, 6 prescription opioid-related deaths in the USA increased from 2014 to 2016 and accounted for about 40% of opioid-related deaths in 2016. 8, 9 It is likely that guidelines for safer prescribing will help limit the number of people newly exposed to the harms of opioids. An area of less certainty, however, is how patients already on chronic opioid therapy (COT) for pain, generally defined as regular opioid prescriptions for at least 3 months, have been affected by changes in prescribing and monitoring Prior Presentations Study data on reasons for discontinuation were presented at the Western Student and Resident Medical Research Forum (February 2016) . Key results of this study were presented in abstract and poster form at the Society of General Internal Medicine (April 2018).
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policies. Since increased scrutiny and stricter clinic policies will lead some patients to leave or transition care, voluntarily or otherwise, we undertook this study to understand why patients are discontinued from COT and what happens to them afterward.
MATERIALS AND METHODS

Design Overview
We retrospectively examined the characteristics and clinical outcomes of a cohort of patients with chronic pain who received chronic opioids managed through a primary care clinic based opioid registry from 2010 to 2015, a period of substantial change in prescribing practices at the clinic. We examined reasons for discontinuation from COT, and we evaluated use of prescription opioids and continuity of primary care after discontinuation. We also compared mortality and overdose mortality of patients whose COT was discontinued with those of patients who were maintained on COT.
Study Setting
The study was performed within a large academic primary care clinic based at Harborview Medical Center in Seattle, WA, a safety-net hospital. The clinic serves approximately 4500 patients from diverse backgrounds in 20,000 visits annually. In early 2010, the clinic implemented a comprehensive effort to improve the safety of opioid prescribing for chronic pain; this included guidelines on risk assessment and monitoring (including urine screens), dosing recommendations, and the creation of an interdisciplinary panel to set clinic policies and provide management recommendations. A ceiling dose of 120 mg morphine equivalents per day (MED) was recommended and providers were encouraged to taper patients on higher doses. Once Washington State's PDMP became fully available in January 2012, PDMP checks became routine and were entered into the electronic health record (EHR).
The clinic maintains a pharmacist-managed "opioid registry," which serves as the organizational tool for opioid prescribing policies and procedures. Use of the registry for patients on COT is an explicit expectation of providers and is incentivized by pharmacist assistance managing refills. Discontinuing a patient from the registry involves communication between pharmacists and providers. It would be unusual and impractical for a provider to discontinue the patient from the registry while intending to continue regular opioid prescribing, making registry discharge an excellent proxy for a provider's attempt to discontinue COT.
Study Participants
The study cohort consisted of clinic patients 18 years and older who were prescribed COT for chronic pain and enrolled in the opioid registry as of May 2010. Patients were excluded if they were prescribed opioids but not enrolled in the registry or if they joined the registry after May 2010. Patient data was collected from May 1, 2010, through March 31, 2015. Clinic policies did not specifically address opioid prescribing for patients with active malignancies; thus, these patients could be included on the registry.
Data Sources
Study data sources included the EHR, death records from the Washington State Department of Health, and clinic-based opioid registry files. Washington State death files were obtained through March 2015. Demographics, clinical data, and utilization data were electronically abstracted from the EHR and merged with death records using unique identifiers. Opioid registry files included Microsoft Excel spreadsheets managed by clinic pharmacists and Washington State PDMP data; the PDMP was queried for all registry patients as part of a quality improvement effort in 2015 and the results were added to the patient's clinic opioid registry records. The Washington State PDMP documents all scheduled medication prescriptions filled throughout the state; its use was mandatory for non-Veterans Affairs pharmacies by January 2012.
Dates and reasons for discontinuation of COT and prescription data were abstracted through chart review of the EHR and clinic opioid registry files and imported into a study database in REDCap.
Definition of COT
Our primary exposure of interest was discontinuation of COT, represented by discontinuation from the opioid registry. Patients who were on the clinic opioid registry as of May 1, 2010 , and remained on the registry through March 2015, or who died while on the registry, were considered to have continued COT. Those who were removed from the registry at any point during the study period for any reason other than death were considered to have had COT discontinued. We did not determine COT duration for each patient, as registry data did not include COT initiation dates. The date of discontinuation was often directly recorded in opioid registry files or in telephone or visit notes in the EHR; if not, it was calculated by adding days' supply to the date of the last continuous monthly prescription by the prescribing provider, using PDMP data. If the date was unavailable based on these methods (PDMP data was not available prior to 2012), it was approximated as the midway point between the dates at which the patient was present and absent from the opioid registry files. Because versions of these files were saved on a roughly monthly basis, these estimated dates would differ minimally from the actual dates. For patients who died within 30 days of the date of discontinuation, additional chart review was performed to determine whether death occurred prior to or following discontinuation.
The small number of patients who had COT discontinued but later returned to the registry were still categorized as having had COT discontinued, as their primary care provider had made a decision to discontinue opioids at least once.
Measures
To assess characteristics of our study cohort, we abstracted demographic information (age at baseline, sex, race/ethnicity, language, marital status, and insurance status); substance use, mental health, and other medical diagnoses; and prescription of controlled medications. Diagnoses were abstracted from all available EHR data. Baseline opioid dose was determined by examining opioid registry Excel files for the period prior to discontinuation and identifying the first of three consecutive opioid prescriptions written by the same prescriber for the same opioid medication, dose, and number of tablets. It was converted to morphine equivalent dose (MED) 10 and summed, in the case of multiple prescribed opioids.
For the discontinued group, we characterized subsequent opioid prescriptions according to PDMP records. Patients were not reclassified with regard to opioid registry status based on retrospective review of PDMP records. To assess continuity of primary care, clinic and hospital visit data were electronically abstracted from the EHR. All patients continued in the registry were assumed to have completed regular primary care visits, as this was required for ongoing receipt of COT.
All-cause mortality and death due to overdose were assessed for all patients. Death by overdose was characterized as definite or possible based on a priori classification of information provided to the Washington State Department of Health by the medical examiner or other certifying physician. Death due to definite overdose was assigned when death records specified drug overdose or intoxication; death due to possible overdose was assigned to deaths due to respiratory failure (Supplement). A composite of definite and possible overdose was used in the analysis of overdose-related death.
Characterization of Reasons for Discontinuation
In many cases, a reason for discontinuation was noted explicitly in opioid registry files; in other cases, contributing reasons appeared in provider and pharmacist notes. Multiple reasons for COT discontinuation could be recorded. Abstraction of reasons for COT discontinuation was performed by one co-author (MN); several co-authors (SJ, JJ, JK, JM) independently reviewed 10% of patients' records and found > 95% concordance. Specific reasons for COT discontinuation were listed, grouped (MN, JK), and analyzed through an iterative process to identify key patterns. Reasons deemed similar from a clinical perspective were combined. Because each participant could have multiple reasons for discontinuation listed, the total number of unique individuals in each category was determined. Reasons that were most common and/or most clinically significant were selected for inclusion in the results.
Statistical Analyses
Descriptive statistics were calculated for variables of interest. Frequencies were calculated for each category of reasons for COT discontinuation. Cox proportional hazard models adjusting for age and race were used to determine associations between discontinuation of COT and all-cause mortality and between discontinuation of COT and death due to overdose. Fisher's exact test was used to determine associations between reasons for discontinuation of COT and overdose death. The significance level was set to 0.05. All analysis was performed in Stata 14.2 (StataCorp LP, College Station, TX).
Institutional Review
The study was approved by the Institutional Review Board at the University of Washington.
RESULTS
Baseline Characteristics
The study cohort comprised 572 patients on COT for chronic pain managed through the clinic opioid registry. The mean age of study patients was 54.9 ± 10.1 years; 261 (45.6%) were women, 299 (52.3%) were white, 206 (36.0%) were black, and 489 (85.5%) had public insurance. Substance use and mental health disorders were common (Table 1) .
At the study start date in 2010, 145 (25.3%) of patients were prescribed a total morphine equivalent dose (MED) between 120 and 359 mg/day and 61 (10.7%) were prescribed at least 360 mg/day. Three hundred eighty-seven (67.7%) patients were prescribed short-acting opioids, 169 (29.5%) were prescribed long-acting morphine or oxycodone, and 162 (28.3%) were prescribed methadone (Table 1) .
Reasons for COT Discontinuation
COT was discontinued in 344 (60.1%) patients during the study period. Reasons for discontinuation were categorized as patient-initiated or provider-initiated (Table 2) . Common patient-initiated reasons for discontinuation included moving or transferring care, while provider-initiated reasons for discontinuation largely involved behavioral concerns and safety issues. Most patients (77%) had at least one provider-initiated reason for COT discontinuation, whereas 18% had only patient-initiated reasons; the reason for discontinuation was unclear in 5% of patients.
Mortality and Overdose
Among the entire study cohort, 119 patients (20.8%) died during the study period and 21 (3.7%) died of overdose, corresponding to death rates per 100 personyears of 4.73 (95% CI 3.95-5.66) and 0.83 (95% CI 0.54-1.28), respectively. The hazard ratio for death from (Fig. 1) . Among overdose deaths, 17 were classified as definite overdose and 4 as possible overdose. Seventeen discontinued patients (4.9%) died of overdose, whereas 4 retained patients (1.75%) died of overdose. The hazard ratio for overdose death among patients who discontinued COT was 2.82 (95% CI 0.95-8.41, p = 0.062) in an unadjusted analysis and 2.94 (95% CI 1.01-8.61, p = 0.049) after adjusting for age and race. All seventeen overdose deaths among patients who discontinued COToccurred in those who had at least one provider-initiated reason for discontinuation. While there was not a statistically significant association between reason(s) for discontinuation and overdose deaths, there was a trend toward higher death rates in patients with at least one provider-initiated reason for discontinuation compared with patients with only patient-initiated reasons for discontinuation (6.4% vs 0%; Fisher's exact p = 0.051).
Controlled Substance Use Among Patients Discontinued from the Registry
Among discontinued patients, 254 (73.8%) filled an opioid prescription in Washington State after discontinuation and 183 (53.4%) filled a prescription within the last year of the study period. Following COT discontinuation, short-acting opioid prescriptions were filled by 242 (70.3%) patients and methadone prescriptions by 54 (15.7%).
Continuity of Primary Care Among Patients Discontinued from the Registry
Among patients discontinued from the opioid registry, 187 (54.4%) visited the clinic two or more times during the remainder of the study period and 228 (66.3%) visited Harborview Medical Center at least twice.
DISCUSSION
In this retrospective cohort study of patients with chronic pain enrolled in the chronic opioid registry of a primary care clinic, nearly 21% of patients died during nearly 5 years of follow-up and 4% died from overdose. COT discontinuation, which occurred in more than half of opioid registry patients, appeared to be provider-initiated in at least 77% of patients. There was no statistically significant difference in all-cause mortality between maintained and discontinued patients. Overdose death was more common in those who discontinued COT; those with provider-initiated reasons for discontinuation appeared to be at increased risk, though this finding did not reach statistical significance. Ongoing prescription opioid use and disruption of primary care continuity were both common after discontinuation of COT. These data call into question the safety of opioid discontinuation as an effort to reduce the risks of COT.
The high rate of all-cause mortality in this study cohort likely reflects in part the high prevalence of chronic medical, psychiatric, and substance use conditions that are also associated with mortality, and in part the known risks of opioids, especially at high doses. 11, 12 In fact, drug and alcohol poisonings have contributed to the reversal of decades of declining midlife mortality. 13 While some data suggests that a high percentage of patients on COT for chronic pain will agree to a voluntary taper, 14 realworld experience suggests that tapering is often providerinitiated. Discontinuation of COT often occurs in response to "red flag" behaviors or safety concerns and generally represents an attempt to improve patient safety; liability concerns may also play a role. In this era of increased attention on opioid-associated harms, 4 cautionary guidance regarding new initiation of opioids, 15 and heightened scrutiny of prescribers, there is little known about the effects of COT discontinuation, 16 minimal guidance regarding patients prescribed high-dose COT or demonstrating concerning behaviors, and an absence of support for patients whose providers implement Sums to more than 100% because subjects could have more than one reason for discontinuation rapid taper schedules or cease prescribing altogether. Patients and providers have expressed concern that non-consensual tapering and discontinuation of COT risk destabilization and illicit opioid use, severe opioid withdrawal, worsening pain, loss of function, and/or suicidality. [17] [18] [19] This study's finding that overdose death was increased in patients discontinued from COT could relate to interruption of other medical care, loss of tolerance, and/or destabilization of an underlying opioid use disorder. Estimates of risk of opioid use disorder in patients on COT vary widely, but recent data suggest the risk is dose related and higher than previously thought, up to 122-fold for patients on very high doses. 20 It is also possible that in this study, the high-risk behaviors that led to opioid discontinuation also contributed to risk of death, since its observational design limits conclusions about causality.
Opioid prescribing as identified by the PDMP was common after opioid discontinuation. High rates of continued opioid prescribing after an overdose event have also been documented, 21 underscoring the difficulty of changing prescribing patterns in spite of clear risks. If opioid use disorder is at least in part driving concerns about continuing COT, it may be misguided to discontinue opioids without careful identification and adequate treatment of this disorder. Treatment with buprenorphine or referral to methadone maintenance programs may be our safest options when clinical monitoring of patients on COT results in safety concerns. Since the years studied here, our clinic has implemented a Nurse Care Manager model of office-based opioid treatment of opioid use disorders. 22 While most patients treated with buprenorphine in this program are seeking care for opioid use disorder, some are patients whose opioid use disorder was diagnosed or emerged in the context of COT for chronic pain. Primary care providers who prescribe COT may benefit from obtaining a waiver and prescribing buprenorphine to their patients with chronic pain and opioid use disorder, potentially avoiding the disruption of primary care common in this cohort.
Another potential source of increased risk of overdose death in discontinued patients is poorly managed chronic pain. It is possible that comprehensive, multimodal pain management for patients with chronic pain on COT would also reduce risk.
Our study has several important limitations. Our use of a clinic registry rather than pharmacy records to define our population may have missed some COT patients who were prescribed opioids outside the registry. We are confident that clinic policies and protocols supporting use of the registry were effective and that opioids prescribed outside it were likely intermittent or low dose. This could bias our estimate of death rates, but should not bias our comparison of those retained or discontinued from COT. Similarly, opioid discontinuation was defined through registry and EHR review rather than pharmacy records, and inaccuracies in our review could explain the high level of subsequent opioid prescribing after COT discontinuation. Reasons for discontinuation were based on chart review rather than direct patient or provider survey, but for most patients, we found clear documentation of safety issues or violations of our clinic controlled substance agreement, increasing confidence that COT discontinuation was intended.
Our study has additional limitations related to its setting and methods. It was performed at a single site, and the relatively small sample size and retrospective design limit the results. Measures were imperfect: data from the EHR are often incomplete and subject to misclassification, and we lacked access to out-of-state prescription and death information, to PDMP information prior to January 2012, and to non-prescription opioid use. We also relied on death records to characterize cause of death, a potentially imprecise process. 
CONCLUSIONS
In conclusion, we found that primary care patients on COT had a high mortality risk and that discontinuation of COT was not associated with a reduced risk of death and in fact was associated with an increased risk of death from overdose. While more research is needed to evaluate the generalizability of these findings, and to understand how to better protect patients on COT from harm, caution when discontinuing COT is appropriate. Improved clinical strategies, including assessment and treatment of opioid use disorder and multimodal pain management, may be needed for patients being considered for opioid discontinuation.
